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[Title of the Invention] 

Thin Film Semiconductor Solar Cell and Production Method Thereof 

[Abstract ] 
[ Purpose ] 

To provide a highly reliable thin film semiconductor solar cell 
capable of maintaining a high conversion efficiency for a long time 
and its production method. 
[ Constitution ] 

In a thin film semiconductor solar cell comprising a ZnO 
transparent conductive layer, a semiconductor layer, a transparent 
electrode formed on a conductive substrate , the transparent conductive 
layer is composed of at least two layers of which one layer is a 
crystalline transparent conductive layer and another layer is an 
amorphous transparent conductive layer. The production method of the 
thin film semiconductor solar cell is characterized in that the 
amorphous transparent conductive layer is deposited at a lower 
temperature than the film formation temperature of the crystalline 
transparent conductive layer. Alternatively, the method is 



characterized in that the amorphous transparent conductive layer is 
deposited at a faster film formation rate than the film formation 
rate of the crystalline transparent conductive layer. 
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[Claims ] 
[Claim 1] 

A thin film semiconductor solar cell comprising a ZnO transparent 
conductive layer, a semiconductor layer, and a transparent electrode 
formed on a conductive substrate, wherein the transparent conductive 
layer is composed of at least two layers of which one layer is a 
crystalline transparent conductive layer and another layer is an 
amorphous transparent conductive layer. 
[Claim 2] 

A production method of a thin film semiconductor solar cell 
comprising a ZnO transparent conductive layer, a semiconductor layer, 
and a transparent electrode formed on a conductive substrate, the 
transparent conductive layer comprising two layers of which one layer 
is a crystalline transparent conductive layer and another layer is 
an amorphous transparent conductive layer, the method comprising 
depositing the amorphous transparent conductive layer at a lower 

temperature than a film formation temperature of the crystalline 

» 

transparent conductive layer. 
[Claim 3] 

The production method of a thin film semiconductor solar cell 
as claimed in the claim 2, wherein the crystalline transparent 

conductive layer is deposited by a sputtering method at 300°C or higher 
of film formation temperature and the amorphous transparent conductive 

layer is deposited by a sputtering method at 80°C or lower of film 
formation temperature . 
[Claim 4] 

■ 

A production method of a thin film semiconductor solar cell 
comprising at least a ZnO transparent conductive layer, a semiconductor 
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layer, and a transparent electrode formed on a conductive substrate, 
wherein the transparent conductive layer comprising two layers of 
which one layer is a crystalline transparent conductive layer and 
another layer is an amorphous transparent conductive layer, the method 
comprising depositing the amorphous transparent conductive layer at 
a faster film formation rate than a film formation rate of the 
crystalline transparent conductive layer. 
[Claim 5] 

The production method of a thin film semiconductor solar cell 
as claimed in the claim 4, wherein the crystalline transparent 
conductive layer is deposited by a sputtering method at a film formation 
rate lower than 9 nm/s and the amorphous transparent conductive layer 
is deposited by a sputtering method at a film formation rate not lower 
than 9 nm/s. 
[Claim 6] 

The production method of the thin film semiconductor solar cell 
according to any one of claims 2 to 5, wherein the crystalline 
transparent conductive layer and the amorphous transparent conductive 
layer are continuously deposited in respective different deposition 
chambers while transporting a flexible continuous conductive substrate 
in the longitudinal direction. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a thin film semiconductor solar 
cell and its production method, more particularly to a highly reliable 
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thin film semiconductor solar cell capable of maintaining a high 
conversion efficiency for a long time and its production method. 
[0002] 
[Prior Art] 

We largely depends on thermal power generation using fossil fuels 
such as petroleum and coal and nuclear power generation for the energy 
to be consumed. However, it is seriously problematic that the energy 
will continuously entirely depend on the fossil fuels, which cause 
global warming by carbon dioxide produced in its use, and the nuclear 
force, which cannot be said entirely free from the hazards of radiation 
in not only unexpected accidents but also normal operations, in the 
future. Therefore, attention has been paid to the solar cell power 
generation using solar cells which scarcely cause effects on global 
environments and further wide application has been expected. 
[0003] 

However, in the present situation of the solar cell power 
generation , there are some problems which prevent it from being popular . 
[0004] 

A single crystal or polycrystalline silicon has been employed 
much for conventional solar cells for solar power generation . However, 
in those solar cells , the crystal growth requires a lot of energy 
and a long time . Complicated steps are also required after the crystal 
growth, leading to difficulty in getting more productivity and cost 
reduction. On the other hand, many investigations and developments 
of so-called thin film semiconductor solar cells using amorphous 
silicon (hereinafter referred as to a-Si) and compound semiconductors 
such as CdS, CuInSe 2 , and the like have been carried out. These solar 
cells can be produced simply by forming required semiconductor layers 
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on an inexpensive substrate of glass, stainless steel etc. , and their 
production process is relatively simple and possible to lower the 
production cost. However, the thin film solar cells are inferior in 
the conversion efficiency as compared with the crystal silicon solar 
cells and additionally, their reliability over a long time use is 
uncertain, so that their application has not been spread so much. 
The various techniques to solve such problems and improve the 
performance of the thin film semiconductor solar cells will be described 
as follows. 
[0005] 

One of the techniques is a rear face reflecting layer (a metal 
layer and a transparent conductive layer deposited respectively on 
a conductive substrate) to increase the reflectivity of light on the 
substrate surface so as to effectively utilize sunlight which is not 
absorbed on a thin film semiconductor layer as impingement rays by 
turning the sunlight again to the semiconductor layer. That is, a 
metal layer with a high reflectivity is formed on a substrate and 
after that the thin film semiconductor layer may be formed thereon. 
As a metal with a high reflectivity , silver (Ag) , copper (Cu) , aluminum 
( Al ) and the like are well known . Among the metals , Ag has particularly 
high reflectivity, 98%, and is effective to improve the solar cell 
properties, especially photoelectric current (Jsc). Further, if a 
transparent conductive layer having proper optical properties is 
interposed between the metal layer and the semiconductor layer, the 
reflectivity can further be increased owing to the multiple 
interference effects. 
[0006] 
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The use of such a transparent conductive layer is effective also 
to increase the reliability of a thin film solar cell . Japanese Patent 
Publication No. 60-41878 has a description that alloying of a 
semiconductor and a metal layer can be prevented by using a transparent 
conductive layer. Further, US Patent Nos . 4,532,372 and 4,598,306 
have a description that excess current flow between electrodes can 
be prevented even if short circuit takes place in a semiconductor 
layer by using a transparent conductive layer with a proper resistance . 
[0007] 

Further, as another technique to increase the conversion 
efficiency of the thin film solar cell, there is a method comprising 
a step of forming the interface in a fine unlevelness (a texture 
structure) between the surface or the semiconductor layer of the solar 
cell and the rear face reflecting layer. With such a constitution, 
sunlight is scattered in the interface between the surface or the 
semiconductor layer of the solar cell and the rear face reflecting 
layer, and further confined in the inside of the semiconductor (a 
photo-trap effect) to be efficiently absorbed in the semiconductor. 
In the case where sunlight comes into the thin film semiconductor 
from the surface, the surface of a metal layer to be used as the rear 
face reflecting layer may be formed to have the texture structure. 
M. Hirasaka, K. Suzuki, K. Nakatani, M. Asano, M. Yano, H. Okaniwa 
disclose that the texture structure for the rear face reflecting layer 
can be obtained by depositing Al while adjusting the substrate 
temperature and the deposition rate (Solar Cell Materials, 20 (1990) 
pp 99-110) . 
[0008] 
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Further, the idea of the rear face reflecting layer composed of 
two layers (a metal layer and a transparent conductive layer), and 
the idea of the texture structure may be combined with each other. 
US Patent No. 4,419,533 discloses a rear face reflecting layer 
comprising a metal layer having the texture structure in the surface 
and a transparent conductive layer formed thereon. 
[0009] 

One example of a conventional thin film semiconductor solar cell 
employing such a rear face reflecting layer is illustrated in Figure 
3. The reference numeral 301 denotes a conductive substrate and a 
metal layer 302 with a texture structure in the surface and high 
reflectivity is formed on the surface thereof. 
[0010] 

Further, a transparent conductive layer 303 is formed further 
thereon. The transparent conductive layer 303 is transparent to the 
sunlight transmitted through a semiconductor layer 304. The surface 
of the conductive layer 303 is made to be a texture structure similarly 
to the metal layer 302. The semiconductor layer 304 is on the layer. 
In this case, as the semiconductor layer, an example employing pin 
junction of a-Si is illustrated. 
[0011] 

In Figure 3, the reference numeral 305 denotes n-type a-Si, the 
reference numeral 306 denotes i-type a-Si, and the reference numeral 
307 denotes p-type a-Si. If the semiconductor layer 304 is thin, as 
illustrated in Figure 3, the semiconductor layer 304 has the similar 
texture structure to that of the transparent conductive layer 303 
in many cases. The reference numeral 308 denotes a transparent 
electrode of the surface. On it, a comb type current collector 



- 8 - 



electrode 309 is formed. It is expected that the conversion efficiency 
of a solar cell is remarkably improved by using the rear face reflecting 
layer with such a constitution , however in a practical use , some problems 
are left in terms of the reliability. 
[0012] 

In the solar cell with a structure illustrated in Figure 3, if 
one of which the transparent conductive layer 303 is omitted is produced , 
not only the conversion efficiency is lowered but also shunt, a state 
no regulated output is generated owing to low resistance between the 
conductive substrate 301 and the current collector electrode 309 
sometimes takes place. When the solar cell which causes the shunt 
is investigated with a metal microscope, bright spots are sometimes 
found directly. Those are pin holes formed in the semiconductor layer 
304 and supposed to be the traces of isolation of dust deposited on 
the surface before the semiconductor layer 304 or parts of the 
semiconductor layer 304 from the surface after deposition of the 
semiconductor layer 304 . If the transparent electrode 308 is deposited 
in such a state, it is supposed that the transparent electrode 308 
is directly brought into contact with the metal layer 302, so that 
the resistance between the electrodes is lowered and the output current 
of the solar cell cannot be led out to the outside but flows in the 

V 

points of the pin holes 310 to result in the decrease of the conversion 
efficiency. However, in actual solar cell production , dust deposition , 
the isolation in flaky state of the semiconductor layer 304 from the 
convexoconcave parts of the substrate, and the like are very difficult 
to completely avoid during the transportation among apparatuses. 
[0013] 
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Nevertheless , the shunt can remarkably be improved by introducing 
a proper transparent electrode 303. That is supposedly because, in 
a pin hole 310 as illustrated in Figure 4, the leakage current is 
suppressed corresponding to the resistance of the transparent 
electrode 303 owing to the interposition of the transparent electrode 
303 between the transparent electrode 308 and the metal layer 302. 
[0014] 

However, even such an improvement is performed, a problem is found 
still remaining depending on the use manner of the solar cell. 
[0015] 

For example, generally, since the output voltage of a single solar 
cell is as low as 0.6 to 2.5 V, a plurality of sub-modules (the 
above-described thin film semiconductor solar cells are made to be 
modules) 501-504 are arranged in series to be employed as shown in 
Figure 5. At the time of practical use in outdoors, if sub-modules 
502, 503 are shadowed with a shadow 505, the output current of the 
sub-modules 502, 503 becomes remarkably low as compared with that 
of other sub-modules and substantially, the inner impedance of the 
sub-modules becomes high. As a result, the output voltage of other 
sub-modules is inversely applied to them (called as partial shade 
state), that is, inverse bias is applied to result in damages on the 
sub-modules . 
[0016] 

Since a solar cell is used in various temperature and humidity 
environments as described above, it is common to carry out an inverse 
bias test (herein after abbreviated as HHB test) in a high temperature 
and high humidity atmosphere as a most strict test and it is required 
to pass the test. 
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[0017] 

However, if such a test is carried out, even a thin film solar 
cell comprising the transparent electrode 303, it is not so rare that 
the decrease of the conversion efficiency proceeds further with the 
lapse of time. Especially in the case the surface of the metal layer 
302 has the texture structure, it seems the decrease of the conversion 
efficiency tends to proceed drastically. 
[0018] 

As described above , a present thin film solar cell is insufficient 
in reliability in severe environments and further reliable solar cell 
development is highly expected. 
[0019] 

[Problems to be Solved by the Invention] 

In consideration of such a situation, the present invention aims 
to provide a highly reliable thin film semiconductor solar cell capable 
of maintaining a high conversion efficiency for a long time and a 
production method of the solar cell. 
[0020] 

[Means for Solving the Problems] 

A thin film semiconductor solar cell of the invention is 
characterized in that the thin film semiconductor solar cell comprises 
at least a ZnO transparent conductive layer, a semiconductor layer, 
a transparent electrode formed on a conductive substrate, wherein 
the transparent conductive layer is composed of at least two layers 
of which one layer is a crystalline transparent conductive layer and 
another layer is an amorphous transparent conductive layer. 
[0021] 
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A production method of the invention for a thin film semiconductor 
solar cell is characterized in that the production method is for 
producing a thin film semiconductor solar cell comprising at least 
a ZnO transparent conductive layer, a semiconductor layer, a 
transparent electrode formed on a conductive substrate, wherein the 
transparent conductive layer is composed of at least two layers of 
which one layer is a crystalline transparent conductive layer and 
another layer is an amorphous transparent conductive layer and the 
amorphous transparent conductive layer is deposited at a lower 
temperature than the film formation temperature of the crystalline 
transparent conductive layer. 
[0022] 

It is preferable to deposit the crystalline transparent conductive 
layer at a film formation temperature of 300°C or higher by a sputtering 
method and the amorphous transparent conductive layer at a film 

formation temperature of 80°C or lower by a sputtering method. 
[0023] 

A production method of the invention for a thin film semiconductor 
solar cell is characterized in that the production method is for 
producing a thin film semiconductor solar cell comprising at least 
a ZnO transparent conductive layer, a semiconductor layer, a 
transparent electrode formed on a conductive substrate, wherein the 
transparent conductive layer is composed of at least two layers of 
which one layer is a crystalline transparent conductive layer and 
another layer is an amorphous transparent conductive layer and the 
amorphous transparent conductive layer is deposited at a higher film 
formation rate than the film formation rate of the crystalline 
transparent conductive layer. 
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[0024] 

It is preferable to deposit the crystalline transparent conductive 
layer at a film formation rate lower than 9 nm/s by a sputtering method 
and the amorphous transparent conductive layer at a film formation 
rate of 9 nm or higher by a sputtering method. 
[0025] 

A production method of the invention for a thin film semiconductor 
solar cell is characterized in that the crystalline transparent 
conductive layer and the amorphous transparent conductive layer are 
continuously deposited in respectively different deposition chambers 
while a flexible long conductive substrate being transported in the 
longitudinal direction . 
[0026] 
[Operation] 

The operation of the invention will be described below with the 
reference of embodiments. 
[0027] 

In a thin film semiconductor solar cell comprising a ZnO 
transparent conductive layer, a semiconductor layer, a transparent 
electrode formed on a conductive substrate, the transparent conductive 
layer comprises two layers of which one layer is a crystalline 
transparent conductive layer and another layer is an amorphous 
transparent conductive layer, so that a highly reliable solar cell 
capable of stably maintaining characteristic properties such as a 
high conversion efficiency and the like for a long time can be obtained. 
[0028] 

That is, formation of the amorphous transparent conductive layer 
in addition to a conventional crystalline transparent conductive layer 
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is supposed to be effective tomake the interface between the transparent 
conductive layer and a semiconductor layer be a smooth junction and 
improve the adhesion strength. That is, it is supposed that the 
adhesion force can be increased and the increase of the series resistance 
can be suppressed by forming the amorphous layer for the transparent 
conductive layer. Further, installation of the amorphous transparent 
conductive layer is supposed to be effective to fill gaps among crystal 
grains of the crystalline transparent conductive layer and prevent 
migration of a metal (Ag) layer, so that the shunt resistance decrease 
can supposedly be suppressed. 
[0029] 

The transparent conductive layer of the invention can be formed 
by a film formation method such as a vacuum evaporation method, a 
sputtering method and the like. Especially, the sputtering method 
is preferable and the film formation temperature and/or the film 
formation rate is controlled to make the film with a crystalline and/or 
amorphous structure . 
[0030] 

Especially, the film formation temperature is preferable to be 
300°C or higher in the case of the crystalline transparent conductive 
layer and to be 80°C or lower in the case of the amorphous transparent 
conductive layer. Formation of the transparent conductive layers in 
these temperature ranges makes it possible to obtain a solar cell 
with a high conversion efficiency and high reliability. 
[0031] 

From the similar reasons, the film formation rate is preferable 
to be lower than 9 nm/s in the case of the crystalline transparent 
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conductive layer and to be 9 nm/s or higher in the case of the amorphous 

transparent conductive layer. 

[0032] 

As the conductive substrate of the invention, a conductive 
substrate of a stainless steel, a galvanized steel, and the like is 
employed and in order to increase the reflectivity, a metal layer 
with a high reflectivity such as Ag, Al, and Cu is preferable to be 
formed. Further, those comprising an insulating substrate of such 
as glass and a metal film thereon are also usable. In the invention, 
continuous film formation using a long substrate is also applicable 
by employing a roll-to-roll type film formation apparatus. 
[0033] 

Hereinafter, the formation method of the transparent conductive 
layer of the invention will be described. Figure 2 is a roll-to-roll 
type sputtering apparatus to be employed preferably as a transparent 
conductive film formation apparatus. The apparatus of Figure 2 
comprises a substrate feeding chamber 204, a substrate rolling-up 
chamber 205, and a film formation chamber 206. The film formation 
chamber 206 is composed of a reaction chamber 201 for depositing a 
metal (Ag) layer and reaction chambers 202, 203 independently capable 
of depositing two transparent conductive layers and a metal layer 
target (Ag) 210 and ZnO targets 211, 212 are disposed in the respective 
reaction chambers . 
[0034] 

Further, in order to control the film formation temperature, 
heaters 207, 208, 209 and a substrate cooling mechanism 213 are formed . 
The substrate cooling apparatus is for carrying out film formation 
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of the amorphous transparent conductive layer at a low temperature 

of not higher than 80°C. 
[0035] 

Further, the reference numeral 214 denotes a long substrate, the 
reference numeral 215 denotes a sputtering power source, the reference 
numeral 216 denotes a sputtering gas supply source (Ar) , the reference 
numeral 217 denotes a reactive gas supply source (0 2 ), the reference 
numeral 218 denotes a gas flow rate adjusting apparatus, the reference 
numeral 221 denotes a diffusion pump, and the reference numeral 222 
denotes a mechanical booster pump and a rotary pump. 
[0036] 

While the conductive substrate (the continuous substrate) 214 
being transported from the substrate feeding chamber 204 to the 
substrate rolling-up chamber through the film formation chamber 206, 
a metal (Ag) layer, a crystalline ZnO transparent conductive layer 
(ZnO), and an amorphous ZnO layer are continuously deposited on the 
substrate at respectively desired temperatures. 
[0037] 

Hereinafter, an experiment carried out in the process to complete 
the invention will be described. 
[0038] 

( Experiment 1 ) 

In this experiment, solar cells with a structure illustrated in 
Figure 3 were produced in a variety of conditions and correlations 
of the film formation temperature and the state of the ZnO transparent 
conductive film with the solar cell characteristics were investigated.. 
[0039] 
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At first, employing a sputtering apparatus illustrated in Figure 
6, a metal (Ag) layer 302 was deposited on a conductive substrate 
(SUS 430) 601. As a target 605, an Ag target with 99.99% purity was 
set and Ag was deposited as to form a 400 nm-thick metal layer on 
the substrate by applying 0.15 A current and 380 V voltage at the 

pressure of 2 mTorr and the film formation temperature of 350°C while 

Ar gas being passed at 24.8 seem. 

[0040] 

Next, on the metal (Ag) layer 302, a transparent conductive (ZnO) 
layer 303 was deposited. As a target 605, a ZnO target with 99.99% 
purity was set and a transparent conductive (ZnO) layer with the 
thickness of 1,000 nm was deposited by applying 0.15 A current and 
380 V voltage at the pressure of 2 mTorr while Ar gas being passed 
at 24.8 seem, pressure being set for 10 mTorr and the film formation 
temperature T s being variously changed to be 50°C, 60°C, 70°C, 80°C, 
90°C, 100°C, 150°C, 200°C, 250°C, 300°C, 350°C, and 400°C. In this case, 
the film formation rate was set to be 0.2 nm/s. The obtained films 
were subjected to crystal structure investigation by X-ray 
diffraction . 
[0041] 

The X-ray diffraction is a method for investigate the crystal 
structure and in the case of a crystal, diffraction takes place in 

the direction at a certain angle 20 and a sharp peak appear. On the 
other hand, in the case of an amorphous structure, no such a peak 
appears. Based on such difference, the crystal structure of the 
material can be found by X-ray diffraction. 
[0042] 



- 17 - 



Figure 8 shows one example of the result of X-ray diffraction 
of the crystalline ZnO. Since the sample is the one produced by 
depositing a metal (Ag) layer on the conductive substrate and further 
depositing a conventional transparent conductive layer, the peak for 
Ag simultaneously appears. If, it is an amorphous transparent 
conductive layer , no such diffraction pattern shown in Figure 8 appears . 
[0043] 

The results of the investigation by X-ray diffraction for the 
transparent conductive layers formed at a variety of the film formation 
temperature T s were shown in Table 1 . As being made clear from Table 

1, the transparent conductive layer formed at 80°C or lower was found 

having an amorphous structure. 

[0044] 

Successively, employing a RF plasma CVD method as shown in Figure 
7, a thin film semiconductor layer 304 was deposited by a method as 
follows. In the apparatus shown in Figure 7, a conductive substrate 
301 bearing a metal layer 302 deposited thereon and a transparent 
conductive layer 303 deposited further thereon (in this case called 
as a substrate 701 ) was set as shown in Figure and the gas was evacuated 
by a pump 709 for gas evacuation. A gas was supplied by gas supply 
means 705, an RF power source 707 was applied to a RF electrode 703 
to cause electric discharge between the electrode 703 and the substrate 
701 connected to an earth and raw gases were decomposed to grow an 

n-type (^c)-Si layer 305, an i-type a-Si layer 306, and a p-type 
microcrystalline a-Si layer 307 with the thickness of 10 nm, 300 nm, 
and 10 nm, respectively, on the substrate 701. The film formation 

temperature was set to be 350°C and as the raw gas, SiH 4 , PH 3 (the 
n-type a-Si layer), SiH 4 (the i-type a-Si layer), SiH 4 , BF 3 , H 2 (the 
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p-type fxc-Si layer) were used. (Incidentally, since the a-Si formed 
by a glow discharge decomposition method of SiH 4 contains about 10% 
of hydrogen (H) , generally it is expressed as a-Si:H, however in this 
specification, it is expressed simply as a-Si. 
[0045] 

A transparent conductive layer 308 with the thickness of 80 nm 
was further deposited on the thin film semiconductor layer 304 by 
a resistance heating evaporation method and further a current collector 

electrode 309 with a thickness of 1 [xm was formed by an EB evaporation 
method to produce a thin film semiconductor solar cell shown in Figure 
3. 

[0046] 

The thin film semiconductor solar cell was subjected to a HHB 

test at a temperature of 80°C and a humidity of 80% and a bias voltage 
of -0.8 V to test the durability. The results were shown in Table 
1 . 

[0047] 

In Table 1, the R s (240 h)/R s (Oh) shown in the item of the series 
resistance (R s ) means the value calculated by dividing the value of 
the series resistance R s (240 h) after 240 hours after starting the 
HHB test by the value of the series resistance R s (Oh) immediate before 
the starting of the HHB test. That is, as the value was lower, the 
increase of the series resistance was less and the sample could be 
said highly reliable . Further, the item of the shunt resistance (R S h) . 
as the value was higher, the decrease of the shunt resistance was 
less and the sample could be said highly reliable. 
[0048] 
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As shown in Table 1, amorphous ZnO was found excellent in 
reliability yet it was found having a tendency of lowering the 
photoelectric current J S c • Further, although the crystalline ZnO was 
poor in the reliability, it was highly effective to increase the J S c- 
In such a manner, respective materials had excellent properties, yet 
it was found each material was unsatisfactory in the reliability and 
high current density. 
[0049] 

( Experiment 2 ) 

Employing the sputtering apparatus illustrated in Figure 6, in 
a same manner as the experiment 1, a metal (Ag) layer was deposited 
on a conductive substrate and a transparent conductive layer with 
a thickness of 1,000 nm was deposited thereon at variously changed 
film formation rate by changing the power (W) of the sputtering power 
source and the X-ray diffraction measurement was carried out. The 
film formation rate of the transparent conductive layer was changed 
to be 0.1 nm/s, 0.2 nm/s, 0.5 nm/s, 1 nm/s, 2 nm/s, 3 nm/s, 5 nm/s, 
6 nm/s, 7 nm/s, 8 nm/s, 9 nm/s, and 10 nm/s. The film formation 

temperature was set to be 300°C. The results of the X-ray diffraction 

measurement was shown in Table 2 . 

[0050] 

From Table 2, it was found that the transparent conductive layer 
formed at the film formation rate of 9 nm/s or higher had an amorphous 
structure and the layer formed at a film formation rate lower than 
that had a crystalline structure. 
[0051] 

Further, in the same manner as the experiment 1, a solar cell 
with a structure illustrate in Figure 3 and composed of a semiconductor 
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layer, a transparent electrode, and a current collector electrode 
was produced. For the produced solar cell, the HHB test was carried 
out in the same manner as the experiment 1 and the results were shown 
in Table 2 . 
[0052] 

Also from Table 2, the amorphous ZnO was found excellent in 
reliability and the crystalline ZnO was found effective to improve 

the Jsc- 

[0053] 

[Examples] 

Hereinafter, the invention will be described in details with the 
reference of examples , however the invention is not at all restricted 
to the examples . 
[0054] 
(Example 1) 

A solar cell comprising a transparent conductive layer with 
two -layer structure illustrated in Figure 1 was produced. 
[0055] 

Employing the roll-to-roll type sputtering apparatus shown in 
Figure 2, a metal (Ag) layer (400 nm) and two layers of transparent 
conductive layers (respectively 10 nm and 1,000 nm) were continuously 
formed on the long conductive substrate at the film formation 
temperature shown in Table 3. The film formation rates of the 
transparent conductive layers were controlled at 0.2 nm/s for both 
crystalline and amorphous layers. 
[0056] 

Next, the long substrate was cut and in the same manner as the 
experiment 1, the semiconductor layer was formed using the apparatus 
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illustrated in Figure 7 and successively, a transparent electrode 
and a current collector electrode were formed to produce a thin film 
semiconductor solar cell. The produced solar cell was subjected to 
the HHB test similarly to experiment 1 to evaluate the properties. 
The results were shown in Table 2. 
[0057] 

In Table 2, those excellent in all of the solar cell properties 
Jsc, Rs# and R S h were marked with the mark O; those practically usable 
with the mark A; and those problematic for the practical use with 
the mark x . 
[0058] 

As shown in Table 2, it was found that both of the reliability 
and electric current properties were made excellent by making the 
transparent conductive layer have the two -layer structure of which 
one was crystalline and the other was amorphous. Especially, it was 
optimum to form the crystalline transparent conductive layer at 300°C 
or higher and the amorphous transparent conductive layer at 80°C or 
lower . 
[0059] 
( Example 2 ) 

Based on the results of the experiment 2 , a thin film semiconductor 
solar cell was produced in the same manner as the example 1, except 
the crystalline transparent conductive layer and the amorphous 
transparent conductive layer were formed at mutually different film 
formation rates and subjected to the HHB test. The film formation 

temperature was adjusted to be 300°C for both of the transparent 

conductive layers. The results were shown in Table 4. 

[0060] 
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From Table 4, it was found that the two-layer structure composed 
of the amorphous transparent conductive layer and the crystalline 
transparent conductive layer was obtained by depositing the 
transparent conductive layers at a film formation temperature of 9 
nm/s or higher for either one layer and at lower than 9 nm/s for the 
other layer and that a thin film solar cell with excellent photoelectric 
current and reliability was obtained. 
[0061] 
(Example 3) 

Employing a DC sputtering apparatus illustrated in Figure 6, a 
400 nm metal Ag film was formed and successively accompanied with 
formation of a crystalline ZnO transparent conductive layer with a 
thickness of 1,000 nm (at a film formation rate of 0.2 nm/s and a 

film formation temperature of 350°C) and an amorphous ZnO transparent 
conductive film with a thickness of 10 nm (at a film formation rate 

of 0.2 nm/s and a film formation temperature of 80°C) thereon. 
[0062] 

Further, on the transparent conductive layers, a thin film 
semiconductor layer, a transparent electrode, and further a current 
collector electrode were deposited in the same manner as experiment 

■ 

1. The obtained one is defined as a sample 1. 
[0063] 

Further, a sample 2 was produced in the same manner as the sample 
1, except layering order of the crystalline and the amorphous 
transparent conductive layers was inverted. 
[0064] 

On the other hand, for comparison, a comparative sample was 
produced in the same manner as the sample 1 , except that the transparent 
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conductive layer was made to have a single layer structure and a 
crystalline ZnO with a thickness of 1 , 000 nm was formed at a film 

formation temperature of 300°C and a film formation rate of 0.2 nm/s. 
[0065] 

The HHB test was carried out for the above described samples to 
carry out the durability test. Incidentally, in the HHB test, bias 

voltage -0.8 V was applied in the atmosphere of the temperature 80°C 
and the humidity 80% . The solar cell conversion efficiency property, 
the shut resistance R S h* and the alteration of the series resistance 
with the lapse of the time were traced for the respective solar cells. 
The results were shown in Figures 9 to 11. 
[0066] 

As shown in Figure a conventional solar cell ( comparative samples ) 
showed the decrease of the solar cell conversion efficiency and the 
shunt resistance (R S h) in a relatively short time and the drastic 
increase of the series resistance (R s ), whereas the samples 1 and 2 
of the present example showed stability in any property and maintained 
the excellent properties. 
[0067] 

That is, it was found that, in the invention, the amorphous 
transparent conductive layer might be in any side, the front or rear 
side, of the crystalline transparent conductive layer and with the 
constitution, as compared with the conventional example, high 
reliability was found provided. 
[0068] 

Next, in order to investigate the adhesion force in the interface 
between the transparent conductive layer and the semiconductor layer, 
the adhesion test was carried out. The adhesion test was a test in 
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which a sample was cut into lattice-like meshes with a cutter knife 
and a tape was stuck thereto to peel the film with even force. 
[0069] 

As the results of the test , regarding the conventional solar cell , 
2 5 samples out of 2 5 samples were found causing the peeling, whereas 
samples of the invention were not found causing peeling at all . Further , 
the results of the XMA analysis of the comparative samples causing 
the peeling made it clear that the peeling took place in the interface 
between the transparent conductive layer and the semiconductor layer. 
[0070] 
( Example 4 ) 

In the invention, solar cells with a three -layered and a 
four-layered transparent conductive layers were produced. The 
three- layered structure was composed of a crystalline layer with 1 , 000 
nm thickness , an amorphous layer with 10 nm thickness , and a crystalline 
layer with 1,000 nm thickness from the substrate side and the 
four-layered structure was composed of a crystalline layer with 1,000 
nm thickness, an amorphous layer with 10 nm thickness, a crystalline 
layer with 1,000 nm thickness, and an amorphous layer with 10 nm 
thickness. These solar cells were defined as samples 3 and 4, 
respectively . 
[0071] 

The samples were kept in an environmental test box for the HHB 
test for 240 hours and the solar cell conversion efficiency alteration 
with the lapse of time was investigated. The results were shown in 
Figure 9. As shown in Figure, it was found that the stability was 
further improved by making the transparent conductive layer be 
multilayered . 



[0072] 

[Table 1] 



Film formation 
teniperaiure i i_ j 


X-ray 

H -j f f rapt i p>r» * ^ 


J sc (mA/cm 2 ) 


R s (240 h)/ 


R Sh (240 h)/ 


50 


A 


14 . 88 


1 . 1 


0 . 63 


60 


A 


14 . 88 


1 . 18 


0 . 77 


70 


A 

* * 


14 . 92 


1 . 15 


0 75 
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A 


15 13 


1.23 


0 59 
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15 . 29 


1 . 42 


2xl0~ 2 

i_» _1_ 


100 
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15.33 


1 . 55 


4xl0" 2 


150 
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1.52 


6xl0" 2 


200 


c 


15. 77 


1.6 
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250 
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1.58 
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300 


c 
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1 .66 


9xl0~ 2 


350 


c 


17.44 


1 . 75 


2xl0~ 3 
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c 


17 . 82 


1.82 


1x10 3 



*) A: amorphous C: crystalline 
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[Table 2] 



Film formation 
rate (nm/s) 


X-ray 
diffract ion* ' 


J sc (mA/cm 2 ) 


R s (240 h)/ 
Rs (0 h) 


R sh (240 h)/ 
Rsh (0 h) 


0.1 


C 


18.11 


1.85 


2x10 3 


0.2 


C 
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C 
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C 
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9 


A 
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10 


A 
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1.12 


0.92 



*) A: amorphous C: crystalline 
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[0074] 

[Table 3] 



Film formation 
temperature 
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transparent 
conductive 


Film formation 
temperature 
(°C) of the 
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transparent 
conductive 

-Lay t3i 


Jsc 
(mA/cm 2 ) 


R s (240 h)/ 
R s (0 h) 


R Sh (240 h)/ 
Rsh (0 h) 
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70 


16 . 1 
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0 . 72 
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300 


70 
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V—/ 
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o 


400 


70 


17 . 9 
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1.44 
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[Table 4] 



Film formation 
rate M of the 

* 

first 
transparent 
conductive layer 


Film formation 
rate* 1 of the 

second 
transparent 
conductive layer 


(mA/cm 2 ) 


R s (240 h)/ 
R s (0 h) 


R Sh (240 h)/ 
Rsh (0 h) 
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8 
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8 
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0.57 
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10 


8 
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1.05 


0.62 


O 


1 


9 


17.8 


1. 01 


0.77 
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3 


9 


17.2 


1.02 


0.78 
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9 


9 


15.8 


1.02 


0.81 


X 


10 


9 
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1.01 


0.75 


X 


1 


10 


17 . 6 


1. 08 


0.75 


o 


3 


10 


17.5 


1.02 


0.76 


o 


9 ; 


10 


15.4 


1. 14 


0.83 


X 


10 


10 


15. 8 


1.04 


0 .78 


X 



*) Film formation rate (nm/s) 
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[0076] 

[Advantages of the Invention] 

As described above, according to the invention, the following 
advantages are obtained. In a thin film semiconductor solar cell 
comprising a transparent conductive layer, a semiconductor layer, 
a transparent electrode formed on a conductive substrate , the invention 
provides a highly reliable thin film semiconductor solar cell capable 
of stably maintaining solar cell properties such as a high conversion 
efficiency for a long time by making the transparent conductive layer 
have at least two-layer structure of which one layer is a crystalline 
transparent conductive layer and the other layer is an amorphous 
transparent conductive layer* 
[0077] 

The transparent conductive layer of the invention can be formed 
by a film formation method such as a vacuum evaporation method, a 
sputtering method and the like. Especially, the sputtering method 
is preferable, and the film formation temperature and/or the film 
formation rate is controlled , so that the film structure can selectively 
be crystalline and/or amorphous. 
[0078] 

Regarding the transparent conductive layer of the invention, the 
film formation temperature is preferable to be 300°C or higher in the 
case of the crystalline transparent conductive layer and to be 80°C 
or lower in the case of the amorphous transparent conductive layer. 
Formation of the transparent conductive layers in these temperature 
ranges make.s it possible to obtain a solar cell with a high conversion 
efficiency and high reliability. 
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[0079] 

Regarding the transparent conductive layer of the invention, the 
film formation rate is preferable to be lower than 9 nm/s in the case 
of the crystalline transparent conductive layer and to be 9 nm/s or 
higher in the case of the amorphous transparent conductive layer* 
Formation of the transparent conductive layers in these film formation 
rate ranges makes it possible to obtain a solar cell with a high 
conversion efficiency and high reliability. 
[0080] 

For the conductive substrate of the invention, a conductive 
substrate of such as a stainless steel, a galvanized steel and the 
like are employed and in order to increase the reflectivity, it is 
preferable to form a metal layer of such as Ag, Al, Cu and the like 
with a high reflectivity. Further, those comprising an insulating 
substrate such as glass and a metal film formed thereon are also usable . 
Further, the invention can be carried out by continuous film formation 
by employing a roll-to-roll film formation apparatus using a long 
substrate . 
[0081] 

Consequently, according to the invention, it is made possible 
to provide a highly reliable thin film semiconductor solar cell capable 
of maintaining a high conversion efficiency for a long time and its 
production method . 

[Brief Description of the Drawings] 
[Figure 1] 

A schematic figure showing one example of a thin film semiconductor 
solar cell of the invention. 



- 29 - 



[Figure 2] 

A schematic figure showing a roll-to-roll type sputtering 
apparatus suitable for the invention. 
[Figure 3] 

A schematic figure showing a conventional thin film semiconductor 
solar cell. 
[Figure 4] 

A schematic figure illustrating pin holes of a conventional thin 
film semiconductor solar cell. 
[Figure 5] 

A schematic figure illustrating the partial shading state in a 
solar cell module. 
[Figure 6] 

A schematic figure illustrating the RF plasma CVD apparatus to 
be employed for semiconductor layer formation. 
[Figure 7] 

A schematic figure showing a DC sputtering apparatus to be employed 
for transparent conductive layer formation. 
[Figure 8] 

One example of X-ray diffraction patterns of a crystalline ZnO 
layer . 
[Figure 9] 

A graph showing the alteration of the conversion efficiency with 
the lapse of time in HHB test . 
[Figure 10] 

A graph showing the alteration of the series resistance R s with 
the lapse of time in HHB test. 
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[Figure 11] 

A graph showing the alteration of the shunt resistance RshDK with 
the lapse of time in HHB test. 



[Description of Symbols] 

101 Substrate 

102, 302 Metal layer 

103 Crystalline ZnO layer 

104 Amorphous ZnO layer 

105, 305 n-type a-Si 

106, 306 i-type a-Si 

107, 307 p-type a-Si 

108, 308 Transparent electrode 

109, 309 Current collector electrode 

201 Metal (Ag) layer deposition reactive chamber 

202, 203 Transparent conductive layer deposition reactive chamber 

204 Substrate feeding chamber 

205 Substrate rolling-up chamber 

206 Film formation chamber 
207, 208, 209 Heater 

210 Metal layer target (Ag) 
211, 212 ZnO target 

213 Substrate cooling mechanism 

214 Long substrate 

215 Sputtering power source 

216 Sputtering gas supply source (Ar) 

217 Reactive gas supply source (0 2 ) 

218 Gas flow rate adjusting apparatus 
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219 Rotary pump 

220 Automatic pressure adjusting apparatus 

221 Diffusion pump 

222 Mechanical booster pump and a rotary pump 
301 Conductive substrate 

303 Transparent conductive layer 

304 Semiconductor layer 
310 Pin hole 

501 to 504 Sub-module 
505 Shadow 
601 , 701 Substrate 
602 Substrate holder 

604, 704 Chamber (vacuum container) 

605 to 607 Target 

608 to 610 DC power source 

611 , 706 Automatic gas flow rate control apparatus 

612 , 705 Gas supply means 

613, 708 Automatic gas pressure control apparatus 

614 , 709 Pump for gas discharge 
703 , 707 RF electrode 
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ii:nSa-Si|3 0 5, iSa-S 113 0 6, p 
S»«S (MO -S iI3 0 7 ^ftlf n 1 0 nm. 

3 0 0 nm. 10 nm/&SlL£: c /SiKfflffite: 3 5 
Or £l LT, g^X^lxTS i H 4 , PH 3 (n^a- 
Sil) , SiH 4 (iSa-Sil) , S i H 4 , B F 

3. H 2 (pl/z c - S i @) (tefe. S i H 4 50 



(H) ^*n^>^, — AStttCtea-S i : H £ 

[0 0 4 5] £CDj®JK*MM*:Jf 3 0 4±l~. S^mSi® 

3 0 S&&mmMMmz£<0&8 0 nmitlSU, $ £> 
\Z, EBiSffilC<tD 1 jxmcoif Sffi3 0 9*JgJ* 

[0 0 4 6] 21<9E)SK¥«^iB«ft«. ^S8 0r, 
MJg 8 0%, /H77,il£-0. 8 VCDHHBiS^tzS: 

[0 0 4 7] iR, ->U— Xffitt (R S ) <Z>JK@<7)R S 
(2 4 Oh) /R S (Oh) ttt. HHBK«SA^2 

4 OfifHOy'J- XJ&ffiR s . (2 4 0 h) £>ffi^HHB 

tt»#Att©S*y— XJ6StR s (0h) ©fiTfbfcH 
[0 0 4 8].Sl^f«t'5l:, 7WrXZnO 

[0 0 4 9] (*®fc2) m6\Z^LtzX/^y$V>t?m 
SJI (Ag) SritfjRb, ^SJCX/^-z^magO/^^ — 

(w) ^^Axa^co^iisxjSBj^m^^ 1000 

m<?)l&m&J£l$. 0. lnm/s. 0. 2nm/s, 
0. 5nm/s, 1 n m/ s . 2nm/s. 3nm/ 
s , 5 n m/ s , 6 n m/ s , 7 nm/ s . 8 n m/ 
s, 9nm/s, 10nm/stlL 
tt3 0 0ttU; o X«|eI4fT»^Ott**aE2 tC^~r. 
[0050] ^2J:D, ^M9nm/s^±ICT^ 

[0 0 5 1 ] tRltt»cLT, 

LTHHBKKtffo 2 
[0052] *2^6t>, 7^7 7XZn0^f«tt 
l:ini, SSB<7>Z n Ott J s c Sr±Vf*3ftJlltti*^^ 

[0 0 5 3] 
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007 



(6) 
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[0054] mmm dbi iz^mmmmm^ 2 m 

(4 0 0 nm) S3 1:^MST21©1B^ 
IB (^tllOnms iOOOnm) ^MLTi 

yy7,th0. 2nm/S(!:lL 
[0 0 5 6] ftRX«£«J0rU H»l tH*C 

it, i7(?)£i^viTfifti^ML, m^xm 10 

bfdo ^»Ufc*»«fl&€r**l tPJ«JCbTHHBK 
[0 0 5 7 ] ^2tC:fcV>T. *SBB?fi<0l$tt J so R s 

<7>£A, ^fflJ:Kgia**£fc<0£xT5*bfc, 
[0 0 5 8] S2^"Tti50. 39i»eJiS:2Jl#ii£ 

&Z>. «S^SBB^«SSr3 0 0rJ^_h7;^/& 20 

b, 7^7 770IBM1I^ 8 Ot^TTMt^) 

[0 0 5 9] (ilM 2 ) **2<0*S*£fc£fc:, ££H 

[0 0 6 0] ^4J:^ :#<7)S^mJI<Z>J& 
iS^9nm/sJ^±<hb, §M9nm/s<J:0fi 30 

[0 0 6 1] (H1M3) @6(DDC^!y^U>^ 
HS:fflV>T* MAgK4 0 0nmMU I^TM 
fl^iliZnOSlOOOnm 2 
nm/s. ^JKiaS3 5 0"C) ZttfT^A? y 7.<DmW 
SllZnO^lOnm 2nm/s. jfc 

mUJ3£8 Or) *fjSb7t«> 40 

[0062] z.<d±\z. mmi tmmzLT. mm^m 

[0 0 6 3] £7c. *SS<h7 PJ E:^^7^co2^««/R<0 



;i/2£f£i3b*io 

[0 0 6 4] — lfc«tDfc«>, IBMfS^lia: 
b> JSJaKfflK 3 0 0"C. MiiS 0 . 2nm/sT£§ 
Z n 0£r 1 0 0 0 nmJ^/fcb* mtt>7)i> 1 <2iRI«fC 
bTit^>^^f^S3bfeo 

[0 0 6 5] £AJi^*9->y;U^OViTHHBI*^^:tT 
^ i^KRSfrot. 75:45, HHBKRTH 
Or, IS8 0%CD#H^TAW7Xm£E~O. 8V 

[0066] ut^k-t^pk:, fe3k<D±mm& (ttttu- 

>-v>h»Si (R S h> ^iTL, SLftzsV -Xi&tri (R 

s ) s bs«tr±*bfco«c*fb, ^mmm<Dv>yji'i 

[0 0 6 7 ] HJ%. *IS93K:;fc^T. 7W7^08 

[0068] vk\z. mwmnm/¥m&j§o)^m<DttM 

*>/;^^7^-t^7i:T#$(D@tti:M 

[0 0 6 9 ] h cDfem, ae^o*BB«jtett, 251 
stmtme* nis.fr pit. m^nitit^>^j^ 

[0 0 7 0] (*JSfi»J4).*3gJS«"Ctt* SW^«J1* 

<Z>#§J5£te; r a*Rfl'J^6*SS 1 0 0 0 nm/7W7 7X 
lOnm/MlOOOnmtb, 4 JUfSifiTtefcSHi 1 
0 0 0 nm/7^77^ 1 0 nm/jStH 10 0 Onm 
/7^7 7^10nmtlfc. £n&CO;fc»««i£. 

[0071] do-y->^;u*HHBgas^ffl<^^*KS*^ 
tr 2 4 o^rasAb> *«Miftsc»«jf*©Wfmwse-ft*' 

[0 0 7 2] 
[311] 
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xaaa*f ° 


Jsc (mA/cm 1 ) 


Ra (240W^ 
^^K, (Oh) 


~^lL (Oh) 


50 


A 


14.86 


1.1 


0.83 


60 


A 


14.88 


1.18 


0.77 


70 


A 


14.S2 


1.15 


0.75 


60 


A 


15.13 


1.23 


0.59 


90 


C 


15^9 


t.42 


2X10-2 


100 


C 


1533 


155 


4X10- 2 


150 


c 


15,41 


1.52 


6X10*2 


200 


c 


15.77 


1M 


7X10-2 


250 


c 


15.83 


1-S8 


8X10-2 


E 300 


c 


17.11 


1.66 


9X10-2 


350 


c 


17.44 


1.75 


2X10*3 


400 


c 


17.82 


1.82 


1X10" 3 



*) A : 7*^7 r C : $£S 



[0 0 7 3] [g2] 



(nra/s) 






^-^R» (Oh) 


-^Ra (Oh) 


0.1 


c 


18.11 


1.85 


2X10-3 


0.2 


c 


17.88 


1.88 


1X10- 3 


0.5 


c 


17.S2 


1.75 


2X10-3 


1 


c 


17.13 


1j63 


1X10- 3 


2 


c 


17.29 


1.42 


6X10*2 


3 


c 


16.03 


1.55 


4X10-2 


5 


c • 


16.81 


1.S2 


3X10~2 


6 


c 


16.87 


1.44 


2X10-2 


7 


c 


18.B3 


1.38 


3X10-2 


6 


c 


17.11 


f-26 


1X10-2 


8 


A 


15,44 


1.15 


0J88 


10 


A 


15.82 


1.12 


0.92 



*) A : T*Asy T C : 



[0 0 7 4] 



[»3] 



12/28 16:32 FAX 0337577919 



(8) 



-> m&mm ©009 

4#P1¥08-O32094 



(°C) 






(Oh) 


Kb, \cA\Jl\)^^ 

Ra» (Oh) 




250 


70 


18.1 


1.02 


O.T2 


A 


300 


70 


17.2 


1.05 


0.75 


O 


350 


70 


175 


1.06 


0.71 


O 


400 


70 


17.9 


1,05 


0.72 


o 


250 


80 


153 


1.15 


as2 


A 


300 


80 


17.2 


1J2 


0.58 


O 


350 


BO 


17.8 


1.12 


0.61 


O 


400 


30 


17.9 


1.11 


0.55 


O 


250 


90 


15.B 


1.38 


1X10-2 


X 


300 


90 


16.5 


1.42 


3X10-2 


X 


350 


90 


17.4 


1.44 


6X10- 3 


X 


400 


90 


17£ 


1-44 


1X10-3 


X 



[0 0 7 5 ] [^4] 







J<c (mA/cm 3 ) 


-^RT (Oh) 


--^r (oh) 




1 


8 


16.8 


1.68 


3X10-3 


X 


9 


8 


17.2 


1,55 


4X10*3 


X 


9 


8 


17.2 


1.08 


057 


O 


10 


B 


17.9 


1-05 


OJB2 


o 


1 


9 


17.8 


1X)1 


0.77 


o 


3 


9 


172 


1.02 


0.78 


o 


9 


9 


15.8 


1.02 


0.81 


X 


10 


9 


14.9 


1.01 


0.75 


X 


1 


10 


17* 


1.08 


0.75 


o 


3 


10 


17.5 


1.02 


0.76 


o 


9 


10 




1.14 


0.83 


X 


10 


10 


15.8 


1.04 


0.7B 


X 



*) (nm/s) 



[0 0 7 6] 



[0077] *?zw<Dmwmnm\z. m&mmm. 
>¥&m<Df&mmz£K>mj&^tiz> 0 mz7.ny 
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[0 0 7 8] *J6KOS^Sll:i3V^T, f&mi&g. 
[0 0 7 9] *»W©aW»ftafc*ViT. fiKKiSS 

■c*jBET«>©*«fiF*u^. c^jffiBiiiflETawwmiBt 10 

[0 0 8 0] **W©*«ttS«tt, X^>UX«, I 

Ag> a i , cumco&KMm<D&mm$:mtfz> 

[0 0 8 1 ] l^bTs *«5^tC«tn«. 20 

[El 3] w*o»Bt¥3i#*i»»«i*^-r«a:iaT* 

^* 30 

[ei 4] '&&<Dmm¥mtexmnm<D i&m 

me) r f ?7 X-? c v d gt 

[0 7] SS8tB©Mi:fflv^D ^ 'J >^ 

[0 8] i^^Z nO/lcDX^IHJtfr/l^ — >o— 0i]T* 

40 

[0 9] HHBtt»K*»*«l^*(0«f|IB»k*«r 
[HI 0] HHBK»lw^ttS->U— XffiiaR s <0KSM 
[Hill] HHBtt»lcW5S/t>Nfij!n[RshDK 



[*J-s§CE>f&9f] 
1 0 1 £«, 
1 0 2, 3 0 2 
10 3 *£HZ n OH, 

1 0 4 7^777Z nO 
10 5, 3 0 5 nS a - S i , 
106, 306 iga-SL 
107,3 07 p S a - S i . 

108, 3 0 8 mmmw,. 

109, 309 simm-n. 

2 o i til (Ag) mmfc&m. 

2 0 2, 2 0 3 SM»««*aSJfB*, 

2 0 4 S^DLBL^WX-, 

2 0 5 StS^^^CO^^WX— , 

2 0 6 JBKBt^-V>/^— , 

207, 208, 209 h~ ^, 

210 &mm*—yyb (Ag) , 

2 11,212 Z nO^-y^ K 
2 13 

2 1 4 IR^SS, 

2 1 5 xrty&nm. 

2 16 X/^y^U>^X«$SM (Ar) , 

2 1 7 JEJfc;ffX{H:*S8B (0 2 ) > 

2 1 8 #XiftgP3gp§§, 

2 1 9 n — ^ U-#>y, 

220 &mmjjmmi%§, 

2 2 i ffi»#>?\ 

2 2 2 i<*-^7;uy— x^ — #>y2&<^D— ^ U 

>^ 

3 0 1 *«ttSK. 
3 0 3 IBJSli, 

304 

3 l o tf>7ft— 

5 0 1 — 5 0 4 ;k 

5 0 5 

6 0 1, 7 0 1 S^S> 

6 0 2 ss*;^— > 

6 0 4, 7 0 4 5^>A— (K^^ss) , 
6 0 5—607 K 
6 0 8—610 DClfe 

6 1 1, 7 0 6 ajft^X8K««0WiS«. 

6 1 2, 7 0 5 #X«;S&#|£, 

6 1 3, 7 0 8 Slft^fXJEE^©r#ilg, 

6 1 4, 7 0 9 

703, 707 RF1 
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WIS 
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mi J 



109 




309 




304 



204 



205 




221 



222 



221 



222 



[1SI4] 



m9] 



309 




304 



t 



1DXO 



S3) 



850 



8.00 



7.50 



7.00 




Q-00 60.00 100.00 350.00 200UDO 250.00 



(h) 
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(11) 



4#^¥08-O32094 
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[0 8] 



u 




120 



Bill 



2 0 



a 

o 



a» 



100000 



10000 



looo -a 




i — i — r 

2G0 300 



S^fS (b) 




